We investigate the BCS pairing in a mixture of fermionic polar molecules with two different hyperfine states. We derive a set of coupled gap equations and find that this system supports both spin-singlet and -triplet BCS pairs. We also calculate the critical temperatures and the angular dependence of order parameters. In addition, by tuning short-range interaction between interspecies molecules, the transition between singlet and triplet paired states may be realized.
1
2 polar molecules can be used as a toolbox for lattice spin models [10] . Furthermore, it was shown that a twocomponent dipolar Fermi gas may have a ferro-nematic ground state [11] .
In the present work, we study the BCS pairing in a mixture of fermionic polar molecules with two different hyperfine states, σ =↑ and ↓. The electric dipole moments d of all molecules are orientated along z-axis such that the spin-independent EDDI becomes V d (r) = C d r −3 1 − . In addition, we assume that inter-species molecules also interact via shortrange interaction V 0 (r) = C 0 δ(r), where C 0 = 4π 2 as m with a s being the s-wave scattering length and m the mass of the molecule. The total interaction potential V = V d + V 0 conserves the number of particles in individual spin component. We show that novel spin-singlet even partial wave and spin-triplet odd partial wave pairs can appear in this system. Gap equation. -We consider a homogeneous gas of two-species fermionic polar molecules with total number density 2n. For simplicity, we assume that n ↑ = n ↓ = n. In momentum space, the second quantized Hamiltonian reads
where µ = µ ↑ = µ ↓ is the chemical potential, V is the volume of the system, and 
where the dispersion relation is
To the lowest order, we choose the Fermi occupation number f qσ = c † qσ c qσ to be that at zero temperature. As a result, dispersion relations become spin independent, denoted as ε k . The Fock exchange interaction deforms FS such that, in the vicinity of FS, ε k can be approximately expressed as [5] 
where α is the deformation parameter, which can be found using either variational [5] or numerical method [6, 7] . Moreover, at the weak interaction limit
the perturbation calculation yields α = 1 − 2π 3 D [6, 8] , where D dimensionless dipole interaction strength. We point out that, for all results presented in this work, α is obtained variationally.
The order parameters for the BCS states in the Hamiltonian (2) are defined as
Using either Bogoliubov transformation [12] or the standard Green's function method [13] , we obtain
where E kσ = ε 2 k + ζ |∆ σζ (k)| 2 is the energy of singleparticle excitation and β = 1/(k B T ) is the inverse temperature. Substituting Eq. (6) into (5), one find a set of self-consistent equations for order parameters
. (7) We note that the order parameters corresponding to different BCS paired states are coupled in above equations. Similar gap equations also appear in superfluid 3 He system [12] . The integral in Eq. (7) formally diverges. To regularize the interaction, we follow the standard renormalization procedure [4] , which, to the first Born approximation, leads to the gap equations
We emphasize that these equations are only valid in weak interaction regime Eq. (4), as we have ignored the higher order contributions from the interaction. Symmetries of the order parameters. -Up to now, we have expressed the order parameters ∆ = ∆ ↑↑ ∆ ↑↓ ∆ ↓↑ ∆ ↓↓ in the uncoupled spin space. While in the basis of coupled spin {|SM }, one will have singlet and triplet pairs corresponding to total spin S = 0 and 1, respectively. Singlet pairing requires the gap parameter to be antisymmetric 
. Following the convention of 3 He [12] , we may define a vector d(k) in spin space by combining three spin components (M = 0, ±1) of the triplet pair:
, where σ µ are Pauli matrices. It can be easily seen that
In momentum space, ∆ t,M (k) are superpositions of odd partial waves, i.e.,
Spin-singlet pairing. -For deformed FS, we introduce rescaled momentumk such thatk x/y = α −1/2 k x/y andk z = αk z . Moreover, we define ξk ≡ 2k2 /(2M ) − ε F , which allows us to rewrite the order parameter as ∆ s (k) ≡ ∆ s (ξk, nk) with nk =k/k being an unit vector. Using the fact that pairing is mainly contributed by states near FS, we introduce a characteristic energy ω s (of the order of ε F ) to single out the contribution from −ω s ≤ ξk ≤ ω s [4] . In weak coupling regime, we have
c . The value of ω s will be determined self-consistently. After some tedious calculations, we obtain from Eq. (8) that
where W (T, nq) =
Furthermore, the integration kernel takes the form , indicating that they are only important for the preexponential factor in the expression of critical temperature [4] . For the purpose of determining T (s) c , they are neglected such that we find on FS
which is essentially an eigenvalue equation of integral operator with kernel R s (0, nk; 0, nq). Finding the highest critical temperature is equivalent to finding the lowest negative eigenvalue of this eigenvalue equation. Even in case α = 1, it can be shown that the eigenstates corresponding to lowest eigenvalue is independent of the azimuthal angle of nk [4] . This observation allows us to integrate over the azimuthal variable of Eq. (10) to obtain an eigenvalue equation where x = cos θ nk , y = cos θ nq , and
2M ε F / being the Fermi wave vector. Clearly, the first term in K s originates from EDDI, while the second one corresponds to contact interaction.
For singlet pairing, we focus on the subspace of the eigenstates with even parity, i.e., φ(x) = φ(−x). Assuming that λ s is lowest eigenvalue of Eq. (11) corresponding to an even eigenstate φ s (x), the critical temperature can then be expressed as
In addition, at T
(s)
c , the order parameter on FS becomes ∆ s (0, nk) = ∆ s0 φ s cos θ nk , where φ s (cos θ nk ) represents the angular dependence of the order parameter on FS.
If the Fock exchange interaction is ignored, we have exactly φ s (x) = N cos x 3/|λ s | , where N is a normalization constant and |λ s | is the largest positive root of the equation t cos 3/t + (1 + 2kF as π 2 D ) t/3 sin 3/t = 0. It can be shown that λ s (< 0) is a decreasing function of k F a s /D. For negative k F a s , our result reduces to that for s-wave pairing when D = 0. In case α = 1, λ s and φ s can only be determined numerically. As shown in Fig.  1 , λ s is an increasing of α for k F a s = 0, indicating that, in the absence of contact interaction, the Fock exchange interaction enhances singlet BCS pairing.
Next, we compute the characteristic energy ω s . Following the Gor'kov and Melik-Barkhudarov's approach [4, 14] , we obtain
where the order parameter, at T
c , satisfies the equation ω s can be obtained by substituting Eq. (14) into (13). We remark that, in the rhs of Eq. (13), the second term also contains a divergent term which cancels the divergence from the first term. In general, ω s is a function of both D and k F a s , indicating that it also implicitly depends on α. For simplicity, we use α = 1 to calculate ω s , which yields ω s ≃ 0.36ε F for k F a s = 0 and ω s ≃ 0.54ε F for D = 0. The latter is exactly the value for s-wave pairing.
In Fig. 2 (a) , we present the D dependence of the critical temperature for singlet pairing. For k F a s = 0, only dipolar interaction is responsible for pairing, therefore, T This result suggests that even though both attractive contact interaction and dipolar interaction contribute to pairing, they also compete with each other. In fact, the deformed FS makes it difficult for contact interaction to form s-wave pairs, which is responsible for the drop of T always increases as one increases the strength of contact interaction. In addition, when short-range interaction dominates, the one with smaller FS deformation (smaller D) will eventually has a higher critical temperature. Finally, the angular dependence of order parameter for spin-singlet pair at critical temperature is presented in Fig. 2 (c) .
Spin-triplet pairing. -At critical temperature, the order parameters for triplet pairs ∆ t,M are decoupled. In addition, they satisfy gap equations with exactly the same form. Therefore, we denote the triplet order parameter as ∆ t . Since the critical temperature and order parameters can be obtained by following the same proce- 
